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Introduction
Between 1997 and 2002, two major changes occurred in the classification
of causes of death and mortality coding practices in Australia. In 1997,
automated coding software (ACS) was introduced to Australia for mortality
coding; and in 1999, Australia introduced the International Statistical
Classification of Diseases and Related Health Problems, Tenth Revision
(ICD-10) for the coding of causes of death. These changes had significant
implications for the classification of cause of death information and the
consistency of mortality data in Australia. This information paper aims to
illustrate the impact of these changes on mortality trends, and to highlight
the diseases most affected by the changes.
Use of automated coding software (ACS) for mortality
coding
Prior to the introduction of ACS in Australia, coding was undertaken
manually, with coders from the Australian Bureau of Statistics (ABS) using
coding books to assign codes for the underlying cause of death from death
certificates completed by clinicians and certifiers. Problems associated with
this manual approach included:
■ variability between coders in the interpretation of causal sequences
reported on death certificates
■ inconsistent assignment of underlying cause codes
■ technical issues and lack of resources did not allow the option of
coding multiple causes of death.
The automated coding software (ACS) used in Australia is the Mortality
Medical Data System (MMDS), developed in America in the late 1960s by
the US National Center for Health Statistics. The objective of developing
the MMDS was to meet the need for coding and reporting of more than
one cause of death and to aid in standardisation of the interpretation and
coding of causes of death.
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The MMDS functions in the following manner:
1. death certificate data are entered into the software in a standard format
2. a series of decision tables is utilised to identify which of
the diseases on the death certificate is most likely to be
the underlying cause of death
3. other conditions – so-called ‘multiple causes’ – are also
assigned codes.
The information coded by the MMDS results in a far richer data set, in
which causal relationships can be assessed, particularly for chronic diseases.
Recently, the Australian Bureau of Statistics has back coded the mortality
data to 1997 using ICD-10. It has also provided the multiple causes of
death for these years.
The introduction of the MMDS allowed a more consistent approach to the
assignment of cause of death codes and the ability to code multiple causes
information in an efficient and functional format. However, the
introduction of MMDS and subsequent ICD revisions has presented a
number of challenges to the ABS, the Australian Institute of Health and
Welfare (AIHW), and those who use mortality data for research and
analysis.
When examining the impact of changes in coding practices on mortality
trends, two factors appear to have particular importance:
1. changes to interpretations of rules between different ICD
revisions and between automated and manual coding
practice, and
2. changes to codes and code placement for particular diseases
between different revisions.
The availability of multiple cause of death data is becoming increasingly
important for public health research and development. Deaths from
chronic diseases have become more significant than those from infectious/
parasitic diseases in developed countries, and some developing countries, as
they move through periods of epidemiological transition. Consequently, it
has become necessary to capture data about multiple causes, as coexisting
conditions may contribute significantly to a death. In addition, as the
world population ages, deaths are increasingly due to a complex mix of
conditions, none of which may necessarily be uniquely identifiable as the
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underlying cause of death. For instance, one in five deaths at the beginning
of the 1900s in Australia were due to an infectious disease. In contemporary
Australia, chronic diseases such as heart disease and cancer are far more
prevalent.
Changes in rules and interpretation between manual
and automated coding
Prior to the introduction of the MMDS, manual coders used an ‘Australian’
interpretation of the ICD rules, which tended to be more restrictive in
selecting underlying causes of death than the interpretation used in the
American software. The reason for the difference in interpretation lay in the
lack of clarity in the rules as published by the World Health Organization
(WHO), which lead to certain of the coding rules being interpreted
differently in various parts of the world. The major difference between the
manual coding and MMDS code assignment relates to the application of the
WHO ‘Rule 3’ and the selection of an underlying cause of death based on an
assessment of the probable/improbable chains of events leading to death.
The general principle and selection rules published in ICD-10 to
determine the underlying cause of death are as follows (WHO, 1993):
General Principle: when more than one condition is entered on the
certificate, the condition entered alone on the lowest used line of Part I
should be selected (as the underlying cause of death) only if it could
have given rise to all the conditions entered above it.
Rule 1: If the General Principle does not apply and there is a reported
sequence terminating in the condition first entered on the
certificate, select the originating cause of this sequence. If there
is more than one sequence terminating in the condition
mentioned first, select the originating cause of the first-
mentioned sequence.
Rule 2: If there is no reported sequence terminating in the condition
first entered on the certificate, select this first-mentioned
condition.
Rule 3: If the condition selected by the General Principle or by Rule 1
or Rule 2 is obviously a direct consequence of another reported
condition, whether in Part I or Part II, select this primary
condition.
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Since the implementation of ICD-10, the WHO Mortality Reference
Group has been working to clarify the rules, in particular Rule 3.
However, the introduction of the MMDS coincided with the period in
which ICD-9 was in use in Australia. The different interpretation of ICD
rules has resulted in major changes to mortality rates for some diseases while
many diseases were affected to a small degree. Two of the diseases most
affected in the change from manual ICD-9 to automated ICD-9 coding were
pneumonia and senile dementia. Under the manual system, coders used a
narrow interpretation of Rule 3 in its application to pneumonia.
Rule 3 was interpreted to mean that whenever pneumonia appeared on the
death certificate with another primary condition, the latter condition was
always coded as the underlying cause of death. Coding with ICD-9 using
the MMDS, the rule was interpreted to mean that whenever pneumonia
appeared on the death certificate in a correct causal sequence, it was more
likely to be chosen as the underlying cause of death. Thus, there was a large
increase in the number of deaths coded as due to pneumonia under ICD-9
using the MMDS, and a corresponding fall in diseases that commonly
appeared on the death certificate with pneumonia, such as senile dementia.
The change to ICD-10 for coding of deaths
ICD-10 was introduced to Australia for mortality coding in 1999.
Major changes between ICD-9 and ICD-10 included:
■ a change to an alphanumeric system from a numeric system
■ changes to the assignment of diseases between selected chapters
■ changes to chapter names and contents
■ a large expansion in the number of codes, allowing for increased
precision in the definition of diseases
■ changes and clarification to coding rules relating to the selection of
underlying causes of death.
International work on the ICD-10 Rule 3 resulted in a simplification in its
use for underlying cause mortality coding. As a result, automated ICD-10
(using the MMDS) interprets coding rules in a similar manner to that
which was applied in Australia for ICD-9 manual coding. With the
introduction of ICD-10, many of the discrepancies in mortality statistics
that occurred as a result of different rule interpretations between manual
and automated ICD-9 coding have been reduced or eliminated.
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To overcome the difficulty of having 2 successive breaks in the time series,
the ABS has back-coded 1997 and 1998 deaths using ICD-10. The first
series including data up to 1996 is manually coded using ICD-9, while the
second series commencing in 1997 onwards is coded using automated
ICD-10 with the MMDS.
Measuring change
To analyse the change between the two series, a data set of 34,000 deaths,
consisting 25% of the total deaths registered in 1997, was coded using
three different ways: the ICD-9 manual, the ICD-9 automatic, and the
ICD-10 automatic coding system. This allowed for the calculation of
comparability factors. Comparability factors were produced for each
disease code by dividing the number of deaths coded automatically to
a certain underlying cause by the number of deaths coded manually.
Comparability factors of one or close to one indicated little change in the
number of deaths coded to a particular cause between coding processes.
Comparability factors of less than one indicated that fewer deaths were
coded using a particular method or ICD revision, while comparability
factors of greater than one indicated that more deaths were coded to
a particular disease category.
Results
Changes at chapter level between manual ICD-9,
automated ICD-9 and automated ICD-10
Table 1 shows a chapter level comparison of manual ICD-9, automated
ICD-9, and automated ICD-10 data. The chapters that appeared to be
most affected by the changes in coding practices were the Diseases of the
Blood and Blood Forming Organs, Mental Disorders, Diseases of Skin and
Subcutaneous Tissue, and Symptoms, Signs and Ill-Defined Conditions.
There was a change to Chapter III – Diseases of the Blood and Blood
Forming Organs – in ICD-10 to include certain immune disorders that
had previously been classified elsewhere (such as Chapters I, II, XVI).
Thus, deaths coded to the chapter Diseases of the Blood and Blood
Forming Organs showed a concordance of 82% between manual and
automated ICD-9 coding and 69% between manual ICD-9 and automated
ICD-10 coding.
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There was a change to the title of ICD-9 Chapter V – Mental Disorders –
in ICD-10 to become Mental and Behavioural Disorders, and with this
change came an expansion of available codes designed to more precisely
define the target disorders. This chapter showed a concordance of 75%
between manual and automated ICD-9 and 67% between manual ICD-9
and automated ICD-10.
Large differences occurred in Chapter XII – Diseases of Skin and
Subcutaneous Tissue –between ICD-9 and ICD-10. Forty-six extra
categories were introduced to this chapter in ICD-10 (177% increase from
ICD-9 categories). Ninety-three percent (93%) and 75% of cases were
classified to the same chapter between manual and automated ICD-9 and
between manual ICD-9 and automated ICD-10, respectively.
Chapter XVIII in ICD-10 (XVI in ICD-9) – Symptoms, Signs and Ill-
Defined Conditions – showed significant differences between manual
ICD-9 and automated ICD-10. Seventy extra categories were introduced to
the chapter in ICD-10, representing a 350% increase from the number of
categories available in ICD-9. This is largely due to the inclusion of
additional abnormal clinical and laboratory findings in this chapter in
ICD-10. Two thirds (66%) of all records were coded to the same chapter in
both ICD-9 and ICD-10 revisions.
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Table 1: Chapter level comparison of ICD revisions:
Percentage coded the same
ICD-9 Chapter ICD-9 manual ICD-9 manual Significance
to ICD-9 ICD-10 (McNemar c2)
automated automated
Infectious and Parasitic Diseases (n=384) 94% 88% p <.05
Neoplasms (n=8849) 99% 99% p =ns7
Endocrine, Nutritional, Metabolic,
Immunity Disorders1 (n=1138) 90% 89% p =ns
Diseases of Blood and Blood Forming
Organs2 (n=101) 82% 69% p <.05
Mental Disorders3 (n=1040) 75% 67% p <.05
Diseases of Nervous System and
Sense Organs4 (n=819) 86% 91% p <.05
Diseases of Circulatory System (n=14817) 95% 96% p <.05
Diseases of Respiratory System (n=3408) 95% 86% p <.05
Diseases of Digestive System (n=1028) 93% 90% p <.05
Diseases of Genitourinary System (n=631) 83% 83% p =ns
Complications of Pregnancy, Childbirth, (sample
and Puerperium (n=5) 100% 80%  too small)
Diseases of Skin and Subcutaneous
Tissue (n=68) 93% 75% p <.05
Diseases of Musculoskeletal System,
Connective Tissue (n=184) 85% 83% p =ns
Congenital Anomalies5 (n=173) 96% 86% p <.05
Certain Conditions Originating in the
Perinatal Period (n=142) 89% 87% p =ns
Symptoms, Signs and Ill-Defined
Conditions6 (n=168) 73% 66% p <.05
External Causes (n=1825) 98% 95% p <.05
1 Endocrine, Nutritional, Metabolic, and Immunity Disorders became Endocrine,
Nutritional and Metabolic Disorders
2 Diseases of Blood and Blood Forming Organs became Diseases of Blood and Blood
Forming Organs and Certain Immune Disorders
3 Mental Disorders became Mental and Behavioural Disorders
4 Diseases of Nervous System and Sense Organs became three separate chapters
called Diseases of Nervous System, Diseases of the Eye and Adnexa, and Diseases of the
Ear and Mastoid Processes
5 Congenital Anomalies became Congenital Malformations, Deformations, and
Chromosomal Abnormalities
6 Symptoms, Signs and Ill-Defined Conditions became Symptoms, Signs and Abnormal
Clinical and Laboratory Findings
7 Not significant at .05 level of probability
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    HD = heart disease; MN = malignant neoplasm
Changes in top 10 underlying causes of death between
manual ICD-9 and automated ICD-10
Table 2 shows the changes to the ranking of top ten underlying causes
of death when coded manually using ICD-9 and after coding using the
ICD-10 MMDS.
Senile dementia (code 2900 in ICD-9 and F03 in ICD-10) changed
ranking when coded with the two coding systems, moving from its position
as the sixth leading cause of death under manual ICD-9 coding, to the
twelfth leading cause under automated ICD-10.
Diabetes mellitus (ICD-9 code 250.-, ICD-10 codes E11.- E14.-) moved
from being the tenth leading cause of death under manual ICD-9 coding
to the fourteenth leading cause under automated ICD-10 coding.
Table 2: Changes to top 10 underlying causes of death:
ICD-9 manual and ICD-10
Disease
Manual # Cases ICD-10 # Cases # Cases % of
rank  ICD-9  rank  ICD-10 coded  manual
same cases
Acute myocardial infarction 1 4736 1 4529 4381 92.5%
Chronic ischaemic HD unspec. 2 2269 2 2119 1874 82.6%
Acute cerebrovascular disease 3 1856 4 1556 1448 78.0%
MN bronchus and lung 4 1612 3 1573 1536 95.3%
Chronic airways obstruction 5 1474 5 1311 1241 84.2%
Senile dementia 6 726 12 510 474 65.3%
MN colon 7 705 7 686 672 95.3%
Coronary atherosclerosis 8 680 6 975 559 82.2%
MN breast 9 674 8 666 650 96.4%
Diabetes mellitus 10 653 14 836 603 92.3%
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Changes at code level between manual ICD-9 and
automated ICD-10
Table 3 shows the percentage of records with equivalent codes under ICD-9
manual coding and ICD-10 MMDS coding for senile dementia and
bronchopneumonia. These were the two diseases identified as most affected
in the change from ICD-9 manual coding to ICD-9 automated coding.
Table 3: Proportions of records with equivalent codes:
Senile dementia and bronchopneumonia
Disease
% Same % Same
ICD-9 to 101 ICD-10 to 92
Senile Dementia 65.3% 92.9%
Alzheimers Disease 15.8% NA
Bronchopneumonia 81.4% 79.9%
Other Disease of Respiratory System NA 6.4%
Note: Diseases in italics are other major diseases to which disease of interest may be classified
1 This column shows the percentage of ICD-9 cases coded to the same disease under
ICD-10 (ie ICD-9 code 2900=ICD-10 code F03, ICD-9 code 4859=ICD-10 code J180)
2 This column shows the percentage of ICD-10 cases that were coded to the same disease
under ICD-9 (i.e ICD-10 code F03=ICD-9 code 2900, ICD-10 code J180=ICD-9 code
4859)
Approximately 65% of senile dementia records were allocated equivalent
codes in manual ICD-9 and automated ICD-10 coding, compared with
16.2% that were classified the same between ICD-9 manual and ICD-9
automated coding. Of the ICD-10 cases coded as senile dementia, 92.9%
had been coded as senile dementia under manual ICD-9.
Almost 82% of bronchopneumonia records were allocated equivalent
codes between manual ICD-9 and automated ICD-10. Of the ICD-10
records coded as bronchopneumonia, 79.9% had been coded as
bronchopneumonia under manual ICD-9, compared with 23.1% of
automated ICD-9 records coded as bronchopneumonia allocated the same
code under manual ICD-9.
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Figure 1 shows the large discrepancy in the data for pneumonia that was
evident at the point ICD-9 automated coding was introduced, whilst
automated ICD-10 is largely comparable to manual ICD-9 coding. As
discussed previously, this is largely due to the different interpretations of
WHO Rule 3 when selecting the underlying cause of death.
Figure 1: Pneumonia mortality deaths using manual system,
automated ICD-9 and ICD-10
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Summary
The Australian Bureau of Statistics (ABS) has implemented two major
changes in disease classification and coding practices in short succession:
Firstly with the introduction of automated coding software for mortality
coding in 1997, and the subsequent introduction of ICD-10 in 1999.
These changes have inevitably impacted on the continuity of mortality data
trends. While many diseases were affected to a small degree, the mortality
rates for some diseases (such as pneumonia and dementia) were
significantly affected by the initial introduction of automated coding
software due to differences in mortality coding rule interpretation.
However, with the subsequent introduction of ICD-10 for mortality
coding, many of these impacts were reduced or minimised. The decision of
the Australian Bureau of Statitics to back code 1997 and 1998 data has
resulted in one break in the time series data during the ICD-9 to ICD-10
changeover. However, mortality researchers need to be aware of the impact
of these changes and be cautious in the interpretation of long-term
mortality data.
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